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Saudi Journal of Ophthalmology (2013) 27, 65–69Case ReportBand atrophy of the optic nerve: A report on different anatomical locations
in three patientsAlberto Gálvez-Ruiz, MD a,b,⇑; Nawal Arishi, MD bAbstractLesions of the optic tract are accompanied by various signs that help to distinguish them from hemianopias located posterior to
the lateral geniculate body. Band optic nerve atrophy is one of these signs and typically occurs contralateral to the optic tract
lesion. We report on three patients with band atrophy in the fundus of the eye. These three patients present examples of how
three lesions with different anatomic locations can cause band atrophy of the optic disk in similar ways. In these cases, the pres-
ence of relative afferent pupillary defect (RAPD) and band atrophy becomes important in identifying the injury to the optic tract,
because when the hemianopia is complete visual fields do not allow distinguishing optic tract lesions from occipital lesions. The
RAPD occurs in the eye in which the visual field defect is greater. In this paper we review the different theories about the expla-
nation for RAPD in patients with optic tract lesions. It does not seem as simple as the anatomical differences between the number
of fibers that decussate in particular cases, rather, it is associated with the difference between the sensitivity levels of the two func-
tioning hemiretinas.
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Damage to the optic tract produces a syndrome charac-
terized by contralateral hemianopia and contralateral rela-
tive afferent pupillary defect (RAPD). There is also a
characteristic pattern of optic nerve atrophy called bow-tie
atrophy, which consists of optic band atrophy of the optic
nerve contralateral to the optic tract lesion and atrophy of
the upper and lower poles of the optic nerve ipsilateral to
the lesion.1
We report on three patients with band atrophy in the fun-
dus of the eye. In two of the patients, the cause was trauma;
in the third, the cause was compression by a tumor.Peer review under responsibility
of Saudi Ophthalmological Society,
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Patient 1
A 26-year-old male with no relevant medical history suf-
fered a head injury after being assaulted and shot a year be-
fore the neuro-ophthalmologic evaluation. The patient was
admitted to the ICU with a good outcome. The patient pre-
sented with left hemiparesis and left hemianopia as sequelae
from the trauma.
On physical examination, the patient exhibited visual acu-
ity (VA) of 20/20 OD and 20/20 OS. The pupils were symmet-
rical and were reactive to light and accommodation, butProduction and hosting by Elsevier
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66 A. Gálvez-Ruiz, N. Arishithere was RAPD in the OS. Using neutral density filter the
RAPD was neutralized with 1.2 log unit filter placed in front
of the OD. In the fundus of the left eye, there was evidence
of band atrophy; the optic nerve in the right eye was normal
(Fig. 2A and B). The kinetic perimetry (Goldmann) showed a
complete left homonymous hemianopia.
At the time of the injury, a computed tomography (CT)
scan revealed the entry of a projectile in the right frontal re-
gion, its trajectory into the posterior region, and a right optic
tract lesion situated in the right occipital region (Fig. 1).Patient 2
A 34-year-old female gradually began to lose strength in
the left hemibody and subjectively perceived that she was
losing VA in her OS. Upon neurological examination, mild left
proportionate hemiparesis and left hemianopia using con-
frontation test were observed.
The patient was referred to neuro-ophthalmology for an
evaluation of the defect in the visual field. The patient’s VA
was 20/25 OD and 20/30 OS. In the Ishihara test, the patient
was capable of viewing 14/15 films with both eyes. The pa-
tient’s pupils were isochoric, with normal reaction to light
and accommodation but with RAPD in the OS. Using neutral
density filter the RAPD was neutralized with 0.6 log unit filterFigure 1. A–B: Axial and sagittal skull CT showing the entry of a
projectile in the right frontal region and its trajectory through the
posterior region producing right optic tract and occipital lobe lesions.
Figure 2. A–B: Fundoscopy showing band atrophy of the left eye and a
normal optic nerve in the right eye.placed in front of the OD. The fundus of the eye displayed a
mild bilateral elevation of the optic nerves with normal color-
ation in the OD and mild temporal pallor in the OS. The Hum-
phrey perimetry showed almost complete left homonymous
hemianopia with a superior arcuate defect in the OD.
Magnetic resonance imaging (MRI) was requested, and it
revealed an intra-axial mass in the right basal ganglia with
thalamic and subthalamic involvement. After the injection of
contrast media, homogeneous enhancement was shown
(Fig. 3A and B).
The patient underwent surgery to achieve the total resec-
tion of the lesion. The pathologic diagnosis was compatible
with low-grade glioma.
A clinical examination one month after the surgery re-
vealed that VA remained at 20/25 OD and 20/30 OS. The
RAPD in the OS persisted. In the fundus of the eye, there
was evidence of mild temporal pallor in the OD and band pal-
lor in the OS (Fig. 4A and B).
Patient 3
A 25-year-old male patient was involved in a traffic acci-
dent six years ago that caused head trauma and a decreased
level of loss of consciousness. A brain CT scan revealed a
frontal fracture with frontal contusion foci. After stabilization
in the ICU, the patient showed subjective disturbance of the
Figure 3. A–B: Brain MRI T2 coronal and T1 axial sequences revealing an
intra-axial mass in the right basal ganglia with homogeneous enhance-
ment after contrast injection.
Figure 4. A–B: Fundoscopy showing mild temporal pallor in the OD and
band pallor in the OS.
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evaluation.
The patient’s VA was 20/50 OD and 20/30 OS. The pa-
tient’s color vision was normal, as indicated by the Ishihara
test. The pupils were isochoric and reacted normally to light
and accommodation and did not exhibit RAPD. The fundus
of the eye exhibited band pallor in both optical disks. The
macula had a normal appearance bilaterally. The Goldmann
perimetry showed a complete bitemporal hemianopia. Cra-
nio-orbital MRI detected a bilateral frontal encephalomala-
cia that was predominantly basal (Fig. 5).Figure 5. Cranio-orbital MRI with fluid attenuation inversion recovery
(FLAIR) sequence revealing predominantly basal bilateral frontal
encephalomalacia.Discussion
Any lesion of the optic tract located behind the chiasm will
cause homonymous hemianopia contralateral to the lesion.
The more posterior the lesion, the more congruous the hem-
ianopia will be. When the hemianopia is complete, however,
there is no localizing value.Lesions of the optic tract are accompanied by various
signs that help to distinguish them from hemianopias located
posterior to the lateral geniculate body. The following signs
68 A. Gálvez-Ruiz, N. Arishiare of significant clinical importance because they are indica-
tive of an optic tract lesion during the clinical evaluation:
- Band atrophy of the contralateral optic tract and occa-
sional atrophy of the upper and lower poles of the ipsilat-
eral optic disk.
- RAPD contralateral to the optic tract lesion.1
We present three cases in which we observed a pattern of
band atrophy of the optic nerve. The first two were caused by
damage to the optic tract, and the third was caused by trau-
ma to the chiasm.
In the first case, the damage to the left optic tract was
caused by a projectile, causing a complete lesion of the optic
tract and thus a complete contralateral hemianopia. Because
the projectile also damaged the occipital lobe, it may have
contributed to the campimetric defect.
In the second patient, the damage to the right optic tract
was caused by compression from a tumor. A contralateral
homonymous hemianopia also occurred, with a nerve fiber
bundle defect in the ipsilateral side (right eye). This defect oc-
curred because there was damage to the right optic nerve
and to the right optic nerve tract. Thus, band atrophy of
the contralateral optic nerve (left) and some temporal pallor
in the ipsilateral optic nerve (right) were observed in the fun-
dus of the eye.
Following a head injury, the third patient exhibited band
atrophy with complete bitemporal hemianopia in both optic
nerves. This damage produced a traumatic injury on the chi-
asm that was most likely associated with the basal contusion
foci on the frontal lobe.
These three patients present examples of how three le-
sions with different anatomic locations can cause band atro-
phy of the optic disk in similar ways. In the case of the first
patient, the trauma was localized to the optic tract. The sec-
ond patient also had a lesion on the right optic tract, but the
lesion had a more anterior location, and the left optic nerve
was affected. The third patient did not have a lesion of the
optic tract; instead, the patient had an optic chiasm lesion
with bilateral band atrophy of the optic disk.
In the series of optic tract lesion cases reported by Savino
et al.,2 the most frequent etiology was compression by cra-
niopharyngiomas, and traumatic causes were ranked fourth
on the list behind aneurysms and pituitary adenomas. New-
man et al.3 reported a series of ten patients with optic tract
lesions, five of whom exhibited compression by tumors. No
primary cases of trauma were included.
With respect to the visual field defects detected, it should
be noted that seven of the ten patients in the latter series
exhibited complete homonymous hemianopia (temporarily
in one case). Likewise, our three cases presented with com-
plete hemianopia (either homonymous or bitemporal). In
the findings by Savino et al.,2 however, incomplete incongru-
ous hemianopias predominated, with only one patient having
complete homonymous hemianopia that was secondary to
trauma.
One of the particular characteristics of partial lesions of
the optic tract is the presence of incongruous hemianopia.
In complete lesions of the optic tract, however, the hemia-
nopia is complete and therefore there is no localizing va-
lue. In these cases, the presence of RAPD and band
atrophy becomes important in identifying the injury to
the optic tract.With respect to the findings regarding the fundus of the
eye, we should note that the contralateral band atrophy
can be explained by the anatomical distribution of the nerve
fiber layer in the retina. The nerve fiber layer of the nasal ret-
ina enters the optic nerve through the temporal and nasal
poles of the eye, but the fiber layer that corresponds to the
temporal retina enters the optic nerve through the upper
and lower poles of that eye. Therefore, when the optic tract
is injured, retrograde axonal degeneration is produced in the
optic nerve with contralateral band atrophy and pallor; occa-
sionally, this also occurs in the ipsilateral upper and lower
poles.1
In the series by Newman et al., all of the patients with
complete homonymous hemianopia, i.e., with complete le-
sions on the optic tract,3 had RAPD contralateral to the le-
sions. This association occurs because, as demonstrated by
Ramón y Cajal and by others later,4,5 the ratio of the fibers
that decussate to those that do not is approximately 53:47,
and therefore, the defect in the temporal visual field is great-
er than that of the nasal visual field.
In patients with incomplete incongruous hemianopia, the
RAPD occurs in the eye in which the visual field defect is
greater.1 In the series published by Newman,3 no patients
with incomplete incongruous hemianopia had RAPD. It is
possible that in these cases, the difference between the vi-
sual field defects in the two eyes was not sufficient to cause
RAPD.
The explanation for RAPD in patients with optic tract le-
sions does not seem as simple as the anatomical differences
between the number of fibers that decussate in particular
cases. Recent studies, such as that by Kardon et al.,7 have
indicated the difficulty of explaining how such a small differ-
ence in the number of fibers that decussate (53:47) can result
in a disproportionate RAPD magnitude. Using infrared pupil-
lography and a mathematical model, these authors estimated
the number of axons in the intact ganglion cells of five pa-
tients with complete optic tract lesions. They concluded that
RAPD in these patients is not highly correlated with the dif-
ference between the anatomic number of axons or ganglion
cells that decussate in each eye; rather, it is associated with
the difference between the sensitivity levels of the two func-
tioning hemiretinas.
Further indicating the complexity of the issue, Kawasaki
et al.6 recently described a subpopulation of retinal ganglion
cells that express melatonin (melanopsin). These cells are
intrinsically photosensitive independent of the classic photo-
reception system of cones and rods. This subpopulation of
melatonin-expressing ganglion cells contributes significantly
to pupillary responses to light stimulus. In fact, a population
of mice lacking rods and cones was shown to be capable of
pupillary constriction to light stimuli. Knowledge of the exis-
tence of this subpopulation of ganglion cells may yield a bet-
ter understanding of pupillary reactions to light reflection.
For example, the anatomical location of this subpopulation
could better explain the presence of RAPD in optic tract le-
sions than the difference between the number of fibers that
decussate and the number of fibers that do not.1References
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